Objective: Investigate if there are educational inequalities in causes of death considered amenable to health care in Norway and compare this with non-amenable causes. Methods: The study used the concept of "amenable mortality", which here includes 34 specific causes of death. A linked data file, with information from the Norwegian Causes of Death Registry and the Educational Registry was analyzed. The study population included the whole Norwegian population in two age groups of interest (25-49 and 50-74 years). Information on deaths was from the period 1990-2001. Education was recorded in 1990 and it was grouped in four categories as: basic, lower secondary, higher secondary and higher. In the study men and women were analysed seperately. The analysis was conducted for all amenable causes pooled with and without ischemic heart disease. A Cox proportional hazard regression model was fitted to estimate hazard rate ratios.
INTRODUCTION
Social inequalities in health have been reported in a number of Norwegian and international studies (1, 2) . The relative inequalities in Norway appear similar or comparable in size to the ones found in other countries in Western Europe.
Several approaches have been developed in attempts to quantify the performance of the health care system (3) (4) (5) (6) . One approach widely used employ the readily availability of mortality data at a population level and is based on the concept that deaths from certain causes should not occur in the presence of timely and effective health care (7) . Causes of death considered amenable to health care is analysed to assess whether differences in treatment and care within the health care system contribute to socioeconomic inequalities in health. This has given rise to the development of a variety of terms including "mortality amenable to health care" and "avoidable mortality", which were first coined by Rutstein in 1976 . It is considered reasonable to believe that effective treatment or primary or secondary prevention could be provided by health services, although there is considerable controversy over the avoidability of death from some causes, for example congenital anomaly (8) . Consequently, it was assumed that while not all deaths from causes considered amenable to health care would be avoidable, health care could contribute substantially to minimising mortality. Some causes, such as coronary heart disease, are still considered only partially amenable to medical care. While some causes are more closely related to primary care, others are more related to secondary care or prevention and health policy, such as vaccination.
The concept "mortality amenable to health care" has been used as a measure for the quality of health care systems and to asses the effectiveness of health care over time and within and between countries (8). However it must be recognised that the concept does have important limitations relating to comparability of data, attribution of causes and coverage of the range of health outcomes. Amenable mortality was probably never intended to be more than an indicator of potential weakness in health care that then can be investigated in more depth.
Internationally, several studies have documented social inequalities in health and mortality. This is found in both causes considered amenable and nonamenable to health care. One study by Mackenbach and colleagues was carried out with material from the period between 1931 and 1981 in England and Wales and between 1952 and 1982 in The Netherlands (9) . In this period amenable mortality declined faster than allcause mortality in England and Wales. The decline was generally greater among the higher social classes and they concluded that health care contributed to the observed widening of mortality differences between socioeconomic groups. Further they concluded that differences in decline in mortality from amenable causes were probably due, at least in part and at least up to 1960, to differences between socio-economic groups in accessibility, utilization or quality of medical care. In a case-control study of regional and social class differences in Finland, in 1980-1986, Poikolainen and Eskola demonstrated a significantly elevated risk of death from amenable causes for those in the lowest occupational category compared with the highest category (10) . They concluded that the lower social groups seemed to delineate a deprived group likely to need special help from health care. This population group was deprived either in access, utilization or quality of health care received in the City of Helsinki.
Other international studies and additional research suggest a fairly consistent pattern, where those grouped as being socially disadvantaged are at a higher risk of death from amenable causes (11) (12) (13) . Conclusions converge despite some differences in methodology, location, time and in definitions of socioeconomic or demographic factors. Furthermore, these findings were consistent regardless of which component of socioeconomic position (education, occupation or income) was used. The only exception is one study by Westerling and colleagues which found only small differences in amenable mortality between blue and white collar workers (8) . There was, however, an almost three-fold statistically significant difference in mortality due to gastric and duodenal ulcer. They also reported significantly higher death rates among those not in the workforce, which were three-times those of the working population.
In Norway earlier studies have mostly looked at inequalities in consumption of health services. A study by Kravdal has found that people with a higher level of education who are diagnosed with cancer survive longer than those with less education (14) . Also, a study in another Nordic country, Denmark, shows that a low level of education and a low income increases mortality risk (15) .
Inequalities in health and mortality in Norway have recently in a Report to the Storting been described and declared as unacceptable when they are unjust, avoidable and unnecessary (16) . Norway also has national laws for securing the right of patients (17).
This study aimed to assess whether there are educational inequalities in causes of death considered amenable and non-amenable to health care in Norway. Studies based on the method of amenable mortality have to our knowledge never before been done in Norway.
METHODS
We used data from the Norwegian Causes of Death Registry and the Educational Registry. Missing data are infrequent in these registers. The study population included the whole Norwegian population in the agegroups 25-49 years and 50-74. Information on deaths is from the period November 3, 1990 to December 31, 2001. There were no limitations as to where these individuals lived before 1990 and after 2001. As long as they were Norwegian citizens in the current period they were registered. Education was registered from 1990.
The Causes of Death Registry is based upon the death certificates routinely issued by doctors following the deaths of all Norwegian citizens. The certificate states the underlying cause of death and up to six contributory causes (18) . For the years 1990-1995 causes of death were coded according to the Ninth Revision of the International Classification of Diseases (ICD 9), and for the years 1996-2001 the Tenth Revision of the International Classification of Diseases (ICD 10) was used. The data linkage was done by Statistics Norway. The underlying cause of death is used consistently and it is defined by the WHO as (a): "the disease or injury which initiated the train of morbid events leading directly to death", or (b): "the circumstances of the accident or violence which produced the fatal injury". There are certain rules for selection of the underlying cause and in certain cases there are modification rules defining which diagnosis should be given preference (18) .
Education was coded in four categories: 1) basic (≤ 9 years), 2) lower secondary (10 years), 3) higher secondary (11-12 years), 4) higher (13+ years). The Norwegian Educational Registry includes information on all Norwegian citizens. The study makes use of education as an indicator because it is stable and not subject to temporary or permanent changes by disability, unemployment or retirement.
The definition of "amenable to health care" has changed somewhat over the years, as knowledge of the effects of medical treatment on the population has evolved. Recent advances in specific treatments may similarly have complicated the use of this concept in the study of the issue over time. Myocardial infarction has for example probably changed both in incidence as well as in case fatality rate, suggesting more effective treatment may have contributed to the decline in mortality rates (8) . The deaths were grouped according to the list provided by Nolte and McKee (8) (table 1). The authors used this list in a comparative study published in the British Medical Journal and as a report by the Nuffield Trust. This list was constructed based on earlier lists such as the ones by Mackenbach and Charlton (9, 19) . Recent medical advances and the greater life expectancy have been taken into account. Because it is uncertain if ischemic heart disease is amenable and because it is a major cause of death, the analyses were done with and without ischemic heart disease. Men and women were analyzed separately.
The association between mortality and educational lenght adjusted for age was measured by hazard ratio (HR) estimated in a Cox regression model using STATA software. Age at the 1990 Census was treated as a continuous variable. Table 2 shows the number of individuals and time at risk by different levels of education and age groups. In the the age group 25-49 years a larger section of the population have higher education, compared to the population in the age group 50-74 years. Missing data are infrequent. In the age group 25-49 years only 3.7% of men and 3.0% of women miss data. In the age group 50-74 years only 2.0% of men and 1.6% of women miss data. Table 3 shows age adjusted hazard ratios and number of deaths in causes amenable (with and without ischemic heart disease) and non-amenable to medical health care. It also shows age adjusted hazard ratios and number of deaths for total deaths. In men, amenable deaths comprised 31% of total deaths for the youngest age group. Without IHD, the percentage was reduced to 14%. The corresponding numbers for the oldest age group were 55% and 30%. In women amenable deaths comprised 42% of total deaths for the youngest age group. Without IHD, the percentage was reduced to 37%. The corresponding numbers for the oldest age group was 58% and 38%.
RESULTS
Less educated groups have generally higher number of deaths in both age groups and sexes compared to more educated groups. This result is consistent for all deaths and for amenable and non-amenable conditions.
A stepwise pattern of the four educational-groups (higher, higher secondary, lower secondary, basic) is consistent. The educational differences in mortality from causes of death considered amenable to health care are seen both when including and excluding ischemic heart disease. The effect sizes are comparable for amenable and non-amenable causes in both age groups and sexes.
For men in the youngest age group, those with the Table 3 . Age adjusted hazard ratios (HR) with 95% confidence intervals (95% CI) and number of deaths in causes amenable (with and without ischemic heart disease), non-amenable and for total deaths, in two different age groups, in men and women. lowest level of education had 1.64 times higher risk of death from amenable causes (including ischemic heart disease) than those with the highest level of education. The result for men in the oldest age group was 1.57 times higher risk of death for those in the lowest educational group compared to those in the highest group. Women had somewhat lower educational inequalities in mortality than men.
DISCUSSION
The study results indicate educational inequalities in mortality. The analysis reveal systematic higher age adjusted hazard ratios for lower educational groups in men and women both in causes amenable as well as in causes considered non-amenable to health care. The effect sizes are comparable for amenable and non-amenable causes in both age groups and sexes. Studies based on the method of amenable mortality have to our knowledge never before been done in Norway.
The study have some strengths and weaknesses: Missing data are infrequent in the registers used. Additionally, the study includes to total Norwegian population of interest. The concept "mortality amenable to health care" remove causes considered non-amenable to health care and use specific causes of death aiming to assess whether the health care system contributes to social inequalities in mortality. However, "amenable mortality" was never intended to be more than an indicator of potential weaknesses in health care that then can be investigated in more depht (8) . The educational differences in hazard ratios from amenable causes in this study cannot give us information about whether the health care system contributes to increased or decreased social inequalities in mortality. The differences in the analysis may just, in part or fully, reflect educational differences in health conditions, differences in timing of treatment, differences in compliance to treatment or differences in life style patterns relevant for survival. The hazard ratios from causes considered non-amenable to health care show similar educational differences and indeed suggest that such differences are present in the population. The differences in hazard ratios from causes considered amenable to health care may also in part be due to a suboptimal organization of the health care system, resulting in population groups being deprived in access, utilization or quality of health care. Further research is needed to provide a better understanding of the potential factors. Some earlier investigations do suggest that higher educational groups have bettter access to general health care and make more use of medical specialists in Norway (20, 21) .
Publications, such as a report by the Directorate for health and social affairs (22) and the 2000 World health report by the World Health Organisation (4), as well as subsequent methodological work by OECD (5), have in recent time contributed to place the issue of health care performance on the national and international policy agenda. In the 1960s and 1970s commentators argued that health care had a very low impact on population health compared to individual health (23, 24) . However, they were writing about a period when health care had relatively little to offer compared to today (25) . While health care may have made little contribution to population health and mortality in the past it may now be playing a more important role.
The size of inequalities in mortality in causes considered amenable to health care is in this study comparable to inequalities in mortality in non-amenable causes. Further, there is a systematic higher risk of death in lower educational groups in causes of death considered amenable to health care. This indicates potential weaknesses in equitable provision of health care for the Norwegian population. The term "inequalities" is in this study used in a purely descriptive sense. It is not intended to convey any message directly on the fairness (26) . Further research is needed to get more knowledge about the mechanisms and to convey any message directly on the fairness. Additional research is also needed to identify domains within the health care system of particular concern.
